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Abstract. SARS-CoV-2 emerged in late 2019. Since then, it has spread to sev-
eral countries, becoming classified as a pandemic. So far, there is no definitive 
treatment or vaccine, so the best solution is to prevent transmission between in-
dividuals through social distancing. However, it is difficult to measure the ef-
fectiveness of these distancing measures. Therefore, this study uses data from 
Google COVID-19 Community Mobility Reports to try to understand the mo-
bility patterns of the Portuguese population during the COVID-19 pandemic. In 
this study, the Rt value was modelled for Portugal. Also, the changepoint was 
calculated for the population mobility patterns. Thus, the change in the mobility 
pattern was used to understand the impact of social distancing measures on the 
dissemination of COVID-19. As a result, it can be stated that the initial Rt value 
in Portugal was very close to 3, falling to values close to 1 after 25 days. Social 
isolation measures were adopted quickly. Furthermore, it was observed that 
public transport was avoided during the pandemic. Finally, until the emergence 
of a vaccine or an effective treatment, this will be the new normal and it must 
be understood that new patterns of mobility, social interaction, and hygiene 
must be adapted to this new reality.  
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1 Introduction 
At the end of 2019, the new Coronavirus (SARS-CoV-2) appeared in the province of 
Wuhan (China) [1], causing a disease named COVID-19 [2]. As a measure to combat 
COVID-19, China adopted the lockdown of this province on January 23rd [3]. This 
disease spread rapidly to other countries, with the first cases reported in Europe in the 
second half of January [4]. In relation to Portugal, the first confirmed case of COVID-
19 was on March 3rd, 2020 [5], since the Portuguese government had adopted a series 
of measures to control the pandemic. To date, there are no vaccines for this disease, 
so the best strategy to combat COVID-19 is to prevent its transmission through social 
distancing. However, this is not a simple task, since a large part of social activities are 
based on contact people and mobility. In the specific case of the transmission of 
COVID-19, the ideal scenario would be to monitor people’s contacts. Initiatives in 
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this direction have been developed, but they face some concerns related to the priva-
cy. Another possibility is to measure the likelihood of contacts; this approach can be 
made by measuring the concentration of people in certain places. Thus, the popula-
tion’s mobility patterns may indicate the degree of adoption of measures for social 
distancing [6]. Nevertheless, effectively monitoring population mobility is a difficult 
task for governments. Google recently released the global time-limited sharing of 
mobility data [7]. This report presents several statistics and aims to promote studies 
that can help combat COVID-19. Mobility data is divided into six categories: retail 
and recreation; grocery and pharmacy; parks; transit stations; workplace; and residen-
tial. The values presented are percentage changes to normal (baseline) mobility pat-
terns. Currently, most European countries face the challenge of reactivating their 
economies; this task is linked to the gradual re-opening of services, public communal 
areas and public transport. However, it is still not fully understood how the population 
has adopted the lockdown measures. Reliable data concerning the population’s mobil-
ity patterns during the COVID-19 crisis are few. In this sense, this paper finds rela-
tionships between the mobility patterns, the social distancing measures adopted and 
the spread of the disease in Portugal. 
2 Materials and Methods 
2.1 Events 
During the COVID-19 crisis in Portugal, the government adopted several measures to 
mitigate the spread of the disease. The main measures are grouped in Table 1. Other 
measures were adopted, but these are the events that this study considers most rele-
vant. 
Table 1. Main public policies to mitigate the spread of COVID-19 in Portugal [5,7] 
Intervention Description Date 
Public events Gatherings with more than 100 people forbidden. 12/03/2020 
Social distancing Capacity restrictions in bars and restaurants, closed 
night clubs, limiting people in closed spaces are recom-
mended. 
12/03/2020 
Schools and  
universities 
Schools and universities closed. 14/03/2020 
Social distancing Decrease in capacity to 1/3 and maintenance of a mini-
mum distance of 1 meter (ideally 2 meters) in public 
services. 
17/03/2020 
Self-isolating of ill 
people 
Isolation is mandatory for sick people or being moni-
tored by health authorities. 
19/03/2020 
Lockdown start Official start of the lockdown in Portugal. 22/03/2020 
Public gatherings Gatherings of more than five people prohibited (except 
for large families). 
02/04/2020 
Lockdown end Official end of the lockdown in Portugal. 03/05/2020 
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2.2 Data 
To develop this study, we used mobility data [8] and the cases of COVID-19 in Por-
tugal [9,10]. The mobility report, called Google COVID-19 Community Mobility 
Reports, is information collected from mobile devices to quantify the movement of 
people during the pandemic. These values are anonymous and are aggregated based 
on the algorithm developed by Google, and the artificial noise sample is added to 
ensure that no individual can be identified based on their location information [11]. 
The report shows how the population moves and how long they stay in different loca-
tions (Table 2). 
Table 2. Report categories [8] 
Category Subcategories 
Retail and recreation Restaurants, cafes, shopping centers, theme parks, museums, 
libraries and movie theatres. 
Grocery and pharmacy Grocery markets, food warehouses, farmers markets, specialty 
food shops, drug stores, and pharmacies. 
Parks National parks, public beaches, marinas, dog parks, plazas and 
public gardens. 
Transit stations Public transport hubs such as subway, bus and train stations. 
Workplace Places of work. 
Residential Places of residence. 
 
The values presented for the categories are related to a baseline, which corresponds to 
the days of the week (from January 3 to February 6, 2020). With these parameters, it 
is possible to assess the population’s adherence to the social isolation measures 
brought in enacted by the government. The daily variation of values over time in Por-
tugal, from February 15 to June 15, are shown in Fig. 1. 
In this graph, the vertical axis represents the distance to the baseline. Also, the area 
between red dashed lines represents the lockdown period (starting on March 22nd and 
finishing May 3rd). According to the data provided even before the lockdown in Por-
tugal, the values for the first five categories show falls. In the days before the lock-
down, there are peaks in the items Grocery and Pharmacy; this can be explained by 
the general rush to get supplies. The park-related peaks do not have a simple explana-
tion. However, after this brief period, the behavior followed the trend of the other 
categories. It should also be noted that before March 22nd, schools and universities 
were closed, and several companies started to operate in teleworking. After lockdown, 
the values remained historically low. As expected, the tendency to stay at home is 
highly related to the workplace, in an approximately reversed trend. 
In addition to the mobility data, values related to the cases of COVID-19 in Portu-
gal were used between March 3rd (first confirmed case) and June 17th (Fig. 2).  
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Fig. 1. Mobility trends for Portugal 
 
 
Fig. 2. New cases of COVID-19 in Portugal per day 
It can be seen that the notification of the number of new cases is somewhat irregular. 
On weekends and holidays, the notifications are lower, and the following notifications 
are “inflated”. Another problem observed is that the number of confirmed cases is 
proportional to the number of tests performed. Therefore, the procedures adopted for 
testing the population influence the results of Rt in this study. 
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2.3 Methods 
The idea of this study is that Rt can be represented based on the number of contacts 
between infected and susceptible individuals. Therefore, the social distancing 
measures adopted by the public authorities can influence this risk factor. In this study, 
the contact rate is approximated by the population’s mobility patterns during the pan-
demic period. Thus, it is considered that if the population decreases its presence in 
parks, restaurants, transportation stations, among others, the number of contacts de-
creases. 
Supported by the R programming language [12,13], the Changepoint framework [14] 
was used to detect changing values for mobility over time. Thus, it was possible to 
determine (approximately) the day when the mobility values changed their trend. 
Therefore, the goal is to detect the changepoint from the time series of mobility data 
provided. In this study, the mean approach was used, which uses the AMOC (at most 
one change) method [15] by default to detect changepoints from the mobility patterns 
sample. 
In this study, one of the objectives is to calculate the Rt in Portugal, a task that was 
developed with support from the R programming language [12,13], and from the 
EpiEstim framework [16]. Rt is considered to be the average number of secondary 
cases that each infected individual would infect if conditions remained as they were at 
time t. Thus, the value of Rt is determined according to Equation 1 [16]. 
 𝑅𝑅(𝑡𝑡) = ∑ 𝐼𝐼𝑡𝑡−𝑠𝑠𝑤𝑤𝑤𝑤𝑡𝑡𝑠𝑠=1  (1) 
Where I is the number of people infected at any given time, and ws corresponds to the 
probability of distribution of infections. This distribution depends on the characteris-
tics of the disease. So, to determine the ws, the method adopted was Non-Parametric 
SI. We used the serial interval (SI) parameters presented by Nishiura et al. [17], with 
μ = 4.6 days (median serial interval) and σ = 2.9 days (standard deviation). Thus, the 
distribution of COVID-19 cases used in this study follows the serial distribution 
shown in Fig. 3. 
 
 
Fig. 3. Serial distribution for COVID-19 
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Therefore, according to the study mentioned before [17], the average time for infected 
people to generate a second infection is 4.6 days. However, COVID-19 does not pre-
sent itself equally in all infected individuals, they can be infectious over a period (se-
rial interval). Consequently, it is expected that an individual exposed to COVID-19 
may be infected and have an infectious window that lasts up to 14 days. This is the 
concept that endorses the WHO’s 14-day quarantine recommendation [18]. 
Finally, Rt is an important indicator, as it can identify the stage of an infectious 
disease. For example, a Rt of 2 means that each infected person, on average, transmits 
the disease to two other people. On the other hand, a Rt less than 1 indicates that the 
spread of the disease is controlled and it tends to disappear [19]. 
3 Results 
The first result to be presented is the estimated day for a change in the behavior of the 
Portuguese population (Fig. 4). As presented before, these values were calculated 
using the Changepoint framework [14] and based on the daily values for mobility data 
in Portugal [8]. 
 
 
Fig. 4 Mobility trends for Portugal 
Looking at the graphs in Fig. 4, the approximate changepoint is on March 14th (day 
29). Still, it can be observed that the most significant drop occurs from March 12th, 
which is the date when the first public measures of social distancing were adopted. 
Thus, from the moment the government recommended people to stay at home, avoid 
public places, and maintain social distance, the population’s mobility pattern fell rap-
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idly. Another point to note is that, due to the characteristics of COVID-19, the number 
of new cases took time to slow down. 
The first case of Covid-19 in Portugal was on March 3rd, but the first calculated Rt 
value is for March 10th. Therefore, these first seven days are used by EpiEstim to cal-
culate R0. 
Based on the method described before, the Rt value for Portugal was calculated be-
tween March 10th and June 17th (Fig. 5). Another observation is that the 95% confi-
dence interval (a grey area in the graph) is wide at the beginning of the pandemic in 
Portugal.  
 
 
Fig. 5. Estimated Rt for Portugal 
It is possible to see that the measures adopted between March and April managed to 
bring the Rt value from a level close to 3 for values below 1. However, after the end 
of the lockdown (May 3rd) the values have been close to 1, which means that the 
COVID-19 pandemic in Portugal has not yet been overcome. Likewise, in other Eu-
ropean countries, measures of social distancing and lockdown were adopted, with 
similar Rt results or even lower than those observed in Portugal [20]. 
4 Discussion 
Considering an Rt less than 1 to be an indicator of “control” of the pandemic, it can be 
seen that this value was reached only on April 8th in Portugal, i.e. 25 days after the 
consolidation of the change in the behavior of the mobility patterns of the Portuguese 
population. Even after this date, the Rt value was very close to 1, yet in some mo-
ments, it was above this threshold. 
Also, it can be seen that the change in the population’s behavior (changepoint) 
happened before the lockdown. Therefore, this indicator may point out that even 
without the end of normal activities, people’s mobility altered to adapt to the existing 
pandemic situation. Still, the places with the lowest flow of people during the moni-
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tored period are the transport stations. Nevertheless, this behavior of avoiding public 
transport creates a challenge for cities at this moment in the resumption of the econo-
my. 
Likewise, it must be understood that COVID-19 has not been eradicated in Portu-
gal, and the second wave of contagions remains on the radar in Europe [21]. Based on 
the values in Portugal, there is such a possibility since the number of confirmed cases 
so far is not likely to protect a population with herd immunity. At this time, it is es-
sential to define red lines for the number of new daily cases. Similarly, successful 
measures used in other countries must be adopted. 
Another critical point is that the Rt value was obtained based on the number of in-
fected individuals confirmed daily. These numbers may not correspond to the reality 
of the disease, because the number of confirmed infected depends on the number of 
tests performed, and the criteria adopted to test the population was not well explained. 
5 Conclusions 
As the main result of this study, it was observed that the Portuguese population react-
ed quickly, adopting social distancing, and changing their mobility pattern, even be-
fore more restrictive measures were decreed by the government. Still, it took 25 days 
for an Rt value close to 3 to reach values near to 1. Now, it is expected that after the 
first wave of COVID-19, countries are better prepared for a probable second wave. 
Notwithstanding, observing the behavior adopted by the Portuguese population during 
that first lockdown, a second intervention of this type to be effective should last be-
tween two to four weeks. 
It was also possible to observe that the sharpest drop occurred in public transport 
stations. For fear of crowded locations, people sought individualized alternatives. A 
significant part of the population most likely used the car on their travels. With the 
reopening of cities and the economy, this alternative may quickly prove unfeasible. 
Therefore, there is now a small window to co-opt users for active transport. 
Finally, we must understand that, for now, life cannot be as it was before the pan-
demic. Hence, until the discovery of a vaccine, the population and the governments 
must be prepared for this new normal. 
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